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ABICTACT  or  THE  DlSCLOSUMi 

A  g*»  lM«jr  having  tiro  dlfforont  and  alttultanaous  disohargo 
cooling  taaporaturos  of  approxiaatoly  77*K  »ad  300*K  and  «  provixod 
3  flowing  gMoottS  niiitoro  of  holium.  air,  and  carbon  aionoxidc,  with 
prasaora  ration  of  approxiantaly  Zl-l-l  raspaetivaly  at  a  total 
prasanra  of  approsinataly  10  toirr«  proridaa  laaar  radiation  froo 
tna  CO'BOlaealaa  at  an^roxisataly  S  auLcrons  trava  length  and  aiKiul- 
tanaoua  laaar  radiation  froK  the  CO^  nolaculaa,  foroad  in  the  laaar 
10  tuba  by  CO  diaaocia't^on  oxidation  in  the  dc  diachargo,  at  approxi- 
aataly  10.6  ralcrona  wawalangth. 

1IQ8T8  or  THB  OOVARKMEMT 

ttoa  Govaxiuaant  of  the  United  Stataa  haa  at  leant  a  nonaxcluaive, 
irraaocablOr  royalty-fraa  lioanaa  in  tba  invention  daaeribad  herein 
IS  with  power  to  grant  licenaea  for  all  govaranantal  puirpoaea. 

The  field  of  the  invention  ia  in  the  gaaeoua  laaer  art. 

Prior  art  lasera  airsultancously  laaing  at  two  different  fraquan** 
ciaa  are  diacloaeu  in  patent  nucbera  3,704,428  to  patenteec  Barry 
20  et  al  and  3,772,609  to  pateotoea  Willett  ct  al.  A  typical  prior 

art  root  teoperature  CU  laser  is  dlscloaad  in  patent  nusuier  3,761,6  38 
to  patentees  Bhaunlk  at  al.  Additional  disousalon  of  this  present 
Invention  way  bo  found  in  the  t^FK  Journal  of  Ouantuni  nlactronics, 
Vol.  QE-9,  t.’o.  7,  July  1973  at  pages  779  and  780- 
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or  THE  larysiiTiOM 

Hut  lnv«ati<m  in  a  gaa  iaaar  alamltan^oaly  laalng  CC  ar/i  CO^ 
■olaouiaa  providing  alantltaiiiaoaa  laaar  radiation  at  output  JXff 
lan^tlia  in  tba  rangoa  of  approxisataly  5.2  to  5.9  vn  axiC  r .  6  to  10.6 
5  ii»  ruapaotlTely. 

BRIEF  DE3CR1PTI0M  OF  THE  DRAUflNG 
Th«  aingla  figure  in  Uie  drawing  >'howa  a  ache&tatic  l^gran  of 
a  typical  enbodlnent  of  the  invention. 

DESCRIPTIQH  OF  THE  PRErgRREL* 

10  In  the  repreaentative  esibodinent  of  the  invent ioi  nhown  in  the 

drawing#  the  gaaea  rte#  air#  and  CO  aji‘e  prefixed  in  t  te  sdxing 
chanbcr  11  (tnd  then  introduced  dixecd;ly  into  the  laa^^.r  gaa  cavity. 
The  laaer  gaa  cavity  is  negrmntMd  into  two  parts  12  and  13.  Both 
segnenta  are  conposed  of  conventional  double>wal2cid  glass  discharge 
IS  tubes.  In  a  particular  esifOdittkant #  cas  chanber  tt^es  12  and  13 
have  an  internal  diaisetex  of  approximately  one  fnch.  Thay  airs 
coupled  together  with  a  conventional  V<u:ian  flange  14.  Tha  cooling 
ciiaanbers  23  and  2b  ^ave  outaivle  valla  approxiiaately  four  inches  in 
dlanetar.  Vsrian  flanges  15  and  16  also  are  used  to  couple  to  the 
20  tube  sections  17  and  IQ  which  provide  for  tlie  gee  inlet  from  tvabe 
19  and  the  gas  outlet  through  tube  20.  Tlieee  ehort  tube  sections 
17  and  lb  also  contain  ttie  conventional  Nad  Brewster  windows  21 
and  22  which  terminata  the  laser  discharge  tub?  and  provide  optical 
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tsaMOlsaiM.  Za  tki«  MbodlMMit  tlM  diatasM  fraa  cm  iMvatar 
«iad«r  to  tba  otlMT  fona  a  9aa  eavitr  iMVia*  a  total  laofth  of 
aWBoxbrntmlj  2S1  aa.  tto  jrifht'-haad  taa  tab#  ao^iMait  12  hm  a 
laafth  batwaaa  tta  Vaxiaa  flaa^oa  II  aad  19  of  iq^pioaiaataly  92  en. 

9  Zt  ia  aeolad  by  7.iqmid  aitrofoa  botoooa  tbo  valla  forainf  tha  ^aa- 
bar  22  tbo  aaa  ttdMs.  fha  llaaid  aitrogoa  ia  poarad 

iato  tbo  ahaabar  throa^h  aatrauoa  24.  tba  loft-band  tvdbo  aa^aaat 
12  ia  aaintaiaad  at  approaiac.^ly  rooa  taaporatora  by  alcnrly  flaving 
cooa  toaporatara  tap  vator  aatoria^  tho  cOtaabar  21,  that  aarrowida 
10  tbo  900  tubo,  at  lalot  21  and  oxbaaating  to  a  drain  through  outlot 
27.  Tbo  Varian  flaagoa  14,  15  and  14  alto  provido  tho  olootrioal 
potoatial  oloetrodas.  Tbo  control  5oiat  Varian  flaago  14  ia  aado 
tbo  ayatan  oloctrioal  ground  potoatial.  Tbo  forogoing  diaMiaaioBa 
ara  not  critical >  they  aro  naroly  roproaontativo  of  a  typical 
IS  ^porating  oabodiKOnt. 

Iloctrioal  dischargo  io  indopoadoatly  icaintainad  in  aach  cooled 
tube  cogiBont.  Tbo  potential  source  26  proridoa  tho  oloetrical 
onorgy  for  tbo  glow  uioebargo  oaor  tho  approidUiatoly  92  cr.  longth 
botwoon  flaagoo  X4  and  15  in  tho  liquid-nitrognn-coolod  oogamit  and 
20  potontial  souroa  27  proo^dea  tha  oloetrical  onorgy  for  tha  glo*r  dis- 
diargo  ovor  the  approitiiaataly  45  ea  laagth  batvaan  flangaa  14  and 
14  in  tha  roos  tan^poratTizo  tuba  aognant.  Zt  has  boon  found  profor** 
ablo  to  naintaia  the  discharge  la  the  liquid  nitrogen  coolod  sogmmt 
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la  viltli  •  evmmt  tlma  of  opfvooiMitoly  IS  m.  ft*  oorroot  flow  in 
tiMi  inMO  tifirotar*  oo^fMot  is  proforobly  opp»o»iwitoly  ttfont^  por- 
ooRt  loNo*  in  MifaiitMlOr  boiof  <i;ypiooiiy  in  tho  10  to  15  m  rnn90. 
SUIo  tlM  fefo«oin«  osnoofotod  ounmnts  nto  fonorolly  ocmoidoxod 
S  to  bo  optioinonl  for  tho  otntod  foo  rntioo  and  tObeo  of  tho  pro* 
▼iouoly  ototod  dinonoioM,  thoy  oro  not  critiool.  Cft>rioo«ly,  tho 
woItotM  will  wnry  with  tadM  loa9thn,  and  cmrronto  with  t(d)o  orooa 
aootiooal  aroaa.  Za  addition ^'taoao  wariation  will  alao  ooeor  if 
(^^ation  ia  optiaiaod  with  diffarant  laaar  tan  ooapoaltittia  and 
10  pcaeaturoa  than  theao  proaionaly  atatad.  conwantienal  hi^h  voltaga 
powar  aiqtplioa  2<;  and  27  indapandantly  prowlda  thoaa  currant  flctwa. 
Coavantioaal  high  voltaga  aupplias  of  5  to  15  kv  with  aariaa  pro* 
toctiTo  and  cancant  Uniting  raaiatora  2i  and  29  ai**)  auitablo  poton-* 
tial  aonroaa.  Tha  exact  toXtaga  of  tba  powar  auppliaa  ara  not  cri* 
15  tioal  aa  long  aa  thoy  can  aupply  tha  approxinatv  currant  flcwa  pra* 
▼iooaly  indicatad.  Typicol  voltaga  aaluaa  aoroaa  tha  diachargaa 
nay  wary  frea  approxinataly  1  to  2  ka  dapanding  cn  the  ratioa  of 
tha  gaa  cooatituanta  and  tha  total  gaa  praaauraa. 

tkm  optical  caaity  fomad  batwaan  tha  10  n  radiua  concave  nirror 
20  10,  with  a  1*6  an  eantarad  circular  bole  11,  and  flat  nirror  12  ia 

approxinataly  3<3  ess  in  laagtu.  Prafarably  both  mirrors  ara  eonvan'- 
tional  ailvar  coated  or  aluninuw  ooatad  x;irrora  for  oxt<t»dad  wava* 
langth  reflectivity  in  tho  opexetlne  wavaXangthar  fha  hoXa*ooupXad 
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is  ssssatisUf  ftoniranrstoaftli  sslsctivs.  OsMuraliy# 
tiM  hsie-osapisd  t,fpm  ssvity  is  prsfsxmid,  s  psr* 

tisliy  tssasysrsst  ainmr  syst«at»  ?srtislly  tr.tayspsrat  «t  tbs  wsss- 
Xssftb  issoXssdf  SMy  bs  sssd.  tbs  sosssntioiuil  prsssuxs  ooottsi 
S  systss  13  ssiatsitts  s  «ss  fXow  of  spproxlsstsXy  20  litsrs  psr  slouto 
(XS  to  2S  Xitsrs  psr  alaiits  is  s«i/^bXs>«  tiumugh  tbs  9«a  tubs, 
tbs  bsiioif  sir#  ssd  OO  fsoss  3<C#  :;S  sad  3i  iron  oonrsatioosl  sosroos 
srs  prssiicsd  ia  soavsationsX  sss  aixiof  ebsrbsr  XX  to  prorids  psrtisX 
prsssors  ratios  of  spproxisAtsXy  2X/3/X  rsspsctlvtXy.  tbs  totsX 
XO  tabs  pxsssars  so  indlostsd  by  gsgs  37  is  prsfsrsbXy  about  XO  torr. 

Zs  a  typieaX  opsratiag  oabodisaat  of  ths  iavsati<m#  as  sst 
forth  ia  dstsiX  ia  tbs  forsgoiag#  ths  CO  sad  CO^  Xassr  Xiass  «fsrs 
asasursd  aad  idsatifisd  to  bs  prsdoniasntXy  P*branch  for  both  aoXs*- 
oaXss  with  J  «•  13*-2X  of  tha  ▼»  ▼'  •16#  15  to  7#6  bands  for  CO#  and 
XS  J  •  X6#  X8#  20,  22  of  ths  001~X00  band  for  CO^.  A  totaX  Xassr  power 
of  approxisatsly  2  watts  was  gsnsratsd  with  substantiaXXy  sgual 
poifsrs  for  sach  wawsXsnTth  rsgion.  tbs  Us-Air-CO  Xassr  gas  sixtors 
did  set  inclods  CO2*  ^s  COj  is  fomsd  in  tha  disehargs*  tha 
aeount  of  CO^  ^rsssat#  du«s  to  ths  uss  of  aornaX  aadt>iant  air  as  ths 
20  souros#  is  nsgiigibXs  siacs  ths  rsXstiws  CO^/cO  ratio  inltisXly 

ia  ths  tubs  (bsf«rs  dlsteisrgs)  was  approxisatsXy  XO**^*  Ths  tormM- 
tioa  of  COj  in  tbs  Isssr  tubs  apparantXy  procsods  by  the  disohargs>^ 
iaitiatsd  dissoeistion  of  tha  CO  sad  air  volocwles  with  stibsaqosnt 
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wii  r«Cfl«fbiMtl<Ni  tm  Zwm  co^  A  rt««rM  s—c" 

ti«i  MMt  oecvr  with  c^2  CO,  prol^^ably  in  a  Tiarationaily 

aaaitad  atata.  No  carbon  raalduo  waa  Tiaually  apparent  ia  any 
aabodiaaata  of  ta#  apparataa,  iadicatiaf  tkat  tlia  oxidation  roaotloos 
$  oara  coaoBtiaily  eaaplata* 

Hm  i«aa  of  aabioat  air  aa  the  0^  aeoree  doaa  haao  an  affect  aa 
taa  laaar  aetiae  by  the  raaatiima  iavolTing  aai  the  laaing 

aalaaolaa*  The  1B2  oolocttlaa  aoqnlra  aibL*ation«l  ^.^joiitatioa 

by  iaaiaatia  energy  esatfianga  oith  the  diaoharge  aleetrcc;*.  The  u^(v) 
10  will  traaafar  energy  to  CO^iOOO)  producing  CO^fOOi),  and  eeliiai<m* 
ally  exchange  energy  frith  C0(¥)  foroing  CO(Tel)  eoeleculee.  The 
f2<><l000)  BEolecalee  eeaee  CO^flOO)  and  CO2(014)  deaetiaation ,  aa  wall 
aa  infltteaciag  the  CO2(001)  p<q»Qlation.  The  aaeuivt  of  water  aepor 
preeent  ia  the  ambient  air  aooroe  ia  not  oritieal.  Any  noroMil 
IS  aarlatiene  nay  be  dicregarded  in  the  operation  of  the  apparatuc. 

The  anitual  Interaction  of  the  Be,  CO,  and  CC2  are  the  naln 
influenoee  to  the  leeer  action.  The  CO(a<S)  fomed  by  the  discharge 
electrons  ere  nodifled  by  colliei<me  with  other  CO(w)  Bolecules. 

The  v-v  energy  transfer  between  CO  molecules  produces  partial  inaer~ 
24  Siena  on  C0(T>t) ,  and  ia  the  dominating  reaction  in  the  00  laser, 
ihe  C0(ir)  leolecales  also  resonantly  sxchange  onergy  with  C02(000) 
to  produce  CO^COOl)  moleculaa.  The  relaxation  rate  of  the  CO^fdlO) 
lewel  is  increased  by  C0(t>8),  thereby  effeotively  modifying  both 


Umut  fte  «ttia  c€i««t  of  E«  i«  «•  Iomwt  tte  •mmII  fM 

taap^ratoM*  Md  ts  iafloMnw  th«  C02<001)  bvt  It  bM  litti# 

•£€tet  «poA  tJM  O0« 

fte  fM«r*ti<Mi  of  oijniittMOoo  00  Md  CO2  Usor  «oti<»  i« 

S  oppoTMtly  4tt»  pTiaiurilr  to  tlio  mo  of  o  oogamtod  looor  tabo  vith 
difforoot  ooeXlag  toaporotaroo*  St  Mpfm»x»  that  tbo  CO  lasot  radio-' 
tloa  Koomltod  froa  tho  liqoid  nitrogaa  eoolod  tuba  MgsBont*  whllo 
tho  CO2  looor  rodiotion  rooaltod  fr«a  tho  votor  ooolod  ttdMi  aovaont. 
Looor  ostloa  froa  00  olooo  woo  oOLlorod  vith  o  dioohorgo  i»4  tho 
10  liquid  aitrofon  coolod  ooguont  vhon  tho  votor  ooolod  oogaont  woo  nodo 
iaoetioo  (by  coaovol  of  oxeitotioo  voltogo)  t  and  looor  ootioa  froa 
CO2  oloao  aoo  ocdtiiovod  with  0  dioohorgo  in  tho  votor  coolod  oogaont 
with  tho  liquid  nitroqoa  eoolod  oogaont  InoctiM.  Thooo  rooolto 
oro  iatorprotod  00  iadiootiag  a  roqtiiroaeat  for  siqnificoat  oxidation 
IS  of  CO  to  oad  thoraol  optialMtion  for  ooch  aoloou^o* 

St  lo  holiowod  that  the  forogoing  doacribod  ombodiuont  of  tho 
iawoatioa  will  gonorolly  bo  tho  proferrod  o«t>odiaoat  oinco  «Fi00toa> 
tiolly  oquol  looor  output  ocoturo  ia  the  two  vorolongth  hoadii,  how- 
owvr  tho  followiag  additioaol  oabodiiaoata  will  bo  proforrod  vhoro 
20  difforoat  ratios  of  looor  powers  in  tho  two  boads  are  dosirod.  Zt 
hoo  boon  fouad  that  siaaltoneous  loser  oetion  at  both  CO  and  CO^ 
vowolongths  (3.2  to  5.9  ua  oad  9.6  to  10.6  Mr  rosr>octiwoly)  will 
occur  with  «  siaglo  dischorro  rhroueh  both  tube  sogaonts.  i.o.r 
ronowlng  tho  connoctlons  from  tho  cor.  tor  flange  14  and  using  a 
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•ingle  po«r«r  ani^ly  ^Itt  tiM  V«ri«n  flanges  15  «n<$  16  bm  thm  al«c- 
tsoimm,  polarity  ia  not  critical.  Ganarally,  that  oagative 
pctaatial  is  also  atada  th«  systan  ground.  Sevax'sio^;  th«  diractiem 
of  gas  flow  through  tha  davica  is  now  prafarrad,  taat  is,  the  gas 
flow  froR  tha  Rising  cha«d>ar  11  antars  tha  watar  coolad  tuba  sagnajit 
first  than  flews  on  throt^gh  tha  liqula  nitrogen  ooolad  sagmant.  lu 
this  aabodinant  tha  ssaw  total  laser  powar,  two  watts,  rasults  but 
tha  ratio  of  CO^  to  CO  i>owar  is  apprcxinataly  3  tc  1.  C^timum 
ralatiwa  partial  praasuras  of  tim  Hallum,  air,  and  CO  gaaas  in  this 
sRbodiRant  ara  approrinataly  16  to  I  to  1,  respactivaly,  with  a 
total  tuba  prasaura  of  approwir«ataly  IS  torr.  Tiia  optinua  dc  currant 
occurs  in  tha  range  of  10  to  20  ma.  Farejeturs  oti^er  than  thosa 
anunarated  ara  aubstantlally  vha  sana  as  in  tha  previcos  &:<h(ylljmnt , 
£t  was  also  found  that  CO^  vo  CX)  laser  powar  ratios  of  approx! *■ 
Rataly  0  to  1  »ay  be  obtained  by  using  a  plxture  of  Heliun,  air, 
and  ro^  at  prassura  ratios  of  approrimstaly  S6  to  2  to  1  reeroctivaly 
with  the  gas  flow  an  taring  the  w««ter  cooled  sagsant  first.  Approxi-' 
Rataly  tha  saaa  total  power  of  2  waits  was  still  obtainad.  A  single 
disehargo  potantial  was  used  between  f largos  15  and  IC.  The  polarity 
is  not  critical.  Ceaerally  the  preferred  waliiv  of  cirxent  flow  is 
within  tha  range  of  10  to  milliawperas. 

Id  tlio  orl-odinH^ntc  r’.cscrited  in  th©  parari@tars 

of  relati-A:  uaJlv^r.  air,  and  CC  (or  CO^)  ga*  •r’‘«sur«-«,  ant.  tuie 


oiixi;'«&^  Md  tubm  volt«g««#  warm  £omd  to  k>0  optimal.  H<w*v«r. 
timMm  v*lm»  arm  AOt  caritical  and  thay  nay  ite  varlad  subataatialXy 
and  atf.ll  obtain  laaar  opaz-ation.  It  vaa  ilao  found!  that  tho 
^flbodiaanta  would  pzowida  laser  oparatlon  witn  an  ac  discharge 
▼oltaga.  The  oc  discharga^  howevez,  is  the  preferred  typ«i  of 


discharge 
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